Abstract. Colorectal cancer (CRC) is the third most common type of diagnosed cancer and the fourth leading cause of cancer-associated mortalities worldwide. Increasing studies have demonstrated that the deregulation of microRNAs (miRNAs or miRs) is associated with the occurrence and development of multiple types of human cancer, including CRC. miR-329 has been identified to be downregulated in various types of cancer; however, its expression pattern, functions and mechanisms in CRC remain unclear. The present study demonstrated that miR-329 was lowly expressed in CRC tissue samples and cell lines. Low expression of miR-329 was correlated with tumor-node-metastasis stage and lymph node metastasis in patients with CRC. In vitro experiments revealed that resumption expression of miR-329 suppressed cell proliferation and invasion in CRC. Furthermore, the results of the present study indicated that miR-329 targets transforming growth factor-β1 (TGF-β1) directly in vitro. TGF-β1 was demonstrated to be upregulated in CRC tissue samples and inversely correlated with miR-329 expression. Upregulation of TGF-β1 was able to partially counteract the antitumor roles of miR-329 on CRC cell proliferation and invasion. The results of the current study revealed that miR-329 suppresses CRC cell proliferation and invasion through targeting TGF-β1, thus suggesting that targeting miR-329/TGF-β1 may provide a novel effective therapeutic approach for the treatment of patients with CRC.
Introduction
Colorectal cancer (CRC) is the third most common diagnosed cancer and the fourth leading cause of cancer-associated deaths worldwide. More than 1.2 million people are diagnosed with CRC, and over 600,000 patients die from this disease every year (1, 2) . The primary risk factors for CRC are age, hereditary components, obesity, excess alcohol and red meat, smoking and a lack of physical exercise (3) (4) (5) (6) . At present, the major therapeutic approaches for CRC are surgery, neoadjuvant radiotherapy and adjuvant chemotherapy (7) . Recently, considerable progress has been made in the diagnosis and therapy of patients with CRC; however, the prognosis of CRC is still quite poor, with an average survival of <30 months (8, 9) . One reason for the poor prognosis is that a great majority of CRC patients are diagnosed at an advanced stage (10) . In addition, a high rate of relapse and metastasis are the major outcomes for most CRC patients (11, 12) . Therefore, further investigation and understanding of the molecular mechanism underlying the tumourigenesis and progression of CRC are essential for the development of novel therapeutic strategies for patients with this malignancy. microRNAs (miRNAs or miRs) are a group of endogenous, highly conserved, non-coding and short RNAs consisting of about approximately 18-23 nucleotides in length (13) . miRNAs modulate gene expression at either the post-transcriptional or translational level via directly and imperfectly binding to the 3'-untranslated regions (3'-UTRs) of their target genes (14) . Numerous evidence has suggested that miRNAs are involved in many important intracellular processes, such as cell differentiation, proliferation, cycle, apop tosis, angiogenesis and metabolism (15, 16) . Increasing studies reported that multiple miRNAs are abnormally expressed in various human cancers (17) (18) (19) . In addition, deregulation of miRNAs is associated with the occurrence and development of human cancers, functioning as oncogenes or tumor suppressors (20) . miRNAs expressed at low level may act as tumor suppressors via blockade of oncogenes. By contrast, upregulated miRNAs play oncogenic roles by negative regulation of tumor suppressor genes (21, 22) . Therefore, it may provide novel methods for CRC diagnostic, treatment and prognosis, if we have a better knowledge of the miRNA gene expression changes in CRC and the roles of miRNAs in CRC formation and progression.
miR-329, located on 14q32.31, has been reported to act as a tumor suppressor in several types of human cancers (23) (24) (25) (26) . However, there are no studies referring to the roles of miR-329 in CRC at present. The purpose of this study was to investigate the expression and roles of miR-329 in CRC as well as its underlying mechanisms.
MicroRNA-329 serves a tumor suppressive role in colorectal cancer by directly targeting transforming growth factor beta-1
Materials and methods
Clinical samples. A total of 43 pairs of CRC tissues and corresponding adjacent normal tissues were obtained form CRC patients treated with surgery at The Second Hospital of Shandong University (Jinan, China) between February 2011 and October 2015. None of these patients received either preoperative chemotherapy or radiotherapy before surgery. Tissues were snap-frozen in liquid nitrogen and stored at -80˚C until further use. This study was approved by the Ethics Review of The Second Hospital of Shandong University and written informed consent was also obtained from each patient.
Cell culture. CRC cell lines SW620, SW480, HCT116, HT29, and LOVO were purchased form Cell bank of Chinese Academy of Sciences (Shanghai, China). Normal human colon epithelium cell line (FHC) and human embryonic epithelial HEK293T cell line were obtained from American Type Culture Collection (Manassas, VA, USA). All cells were grown in L-15 for W620 and SW480, McCoys 5A for HCT116 and HT29, Dulbecco's modified Eagle's medium (DMEM) for LOVO, FHC and HEK293T cell supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin and 100 g/ml streptomycin (Gibco; Thermo Fisher Scientific, Inc.), at 37˚C in a humidified incubator containing 5% CO 2 .
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) was used to extract total RNA from tissues and cells, according to the manufacturer's instructions. The purity and concentration of total RNA was determined with a NanoDrop ® ND-1,000 spectrophotometer. For the detection of miR-329 expression, cDNA was synthesized using Takara PrimeScript™ First Strand cDNA Synthesis kit (Takara Bio, Inc., Otsu, Japan) and TaqMan MicroRNA Assays kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) was utilized to measure miR-329 expression. To quantification TGF-β1 mRNA expression, reversing transcribed RNA into cDNA was performed using M-MLV Reverse Transcription system (Promega Corporation, Madison, WI, USA). The levels of TGF-β1 mRNA expression were quantified with SYBR Premix Ex Taq (Takara Bio, Dalian, China). Relative expression of miRNA and mRNA were normalized against U6 and GAPDH, respectively. The primers sequences were as follows: miR-329 forward, 5'-AAC ACA CCT GGT TAA CCT CTT T-3' and reverse, 5'-CAG TGC GTG TCG TGG AGT -3'; U6 forward, 5'-CTC GCT TCG GCA GCA CAT ATA CT-3' and reverse, 5'-ACG CTT CAC GAA TTT GCG TGT C-3'; TGF-β1 forward, 5'-GGA CAC CAA CTA TTG CTT CAG-3' and reverse, 5'-TCC AGG CTC CAA ATG TAG G-3'; GAPDH forward, 5'-GGA CCT GAC CTG CCG TCT AG-3' and reverse, 5'-GTA GCC CAG GAT GCC CTT GA-3'. Normalization and fold changes were calculated using the 2 -ΔΔCq method (27) . Cell transfection. miR-329 mimics and negative control miRNA mimics (miR-NC) were synthesized by GenePharma Co., Ltd., (Shanghai, China). pcDNA3.1-TGF-β1 and blank pcDNA3.1 vector were designed and purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). Cell transfection was performed using Lipofectamine 2,000 (Invitrogen) according to the manufacturer's protocol. After incubation at 37°C in the presence of 5% CO 2 for 6-8 h, the medium was replaced by culture medium containing 10% FBS.
Cell Counting Kit-8 (CCK-8) assay.
Cell proliferation was determined with CCK-8 assay (Dojindo, Kumamoto, Japan). Cells were seeded into 96-well plates at a density of 3x10 3 cells per well. Twenty-four h after being planted into 96-well plates, cells were transfected with miR-329 mimics, miR-NC, pcDNA3.1-TGF-β1 or pcDNA3,1. Cell proliferation was evaluated following 0, 24, 48, and 72 h of incubation at 37°C in a humidified incubator containing 5% CO 2 . Briefly, 10 µl of CCK-8 reagent was added to each well and then incubated at 37°C for additional 2 h. The absorbance of each well at 450 nm was measured with the ELx800 Absorbance Microplate Reader (BioTek, Winooski, VT, USA).
Transwell invasion assay.
Transwell chambers with polycarbonate filters with 8-µm pore size (BD Biosciences, Franklin Lakes, NJ, USA) were adopted to analyze the invasion abilities of CRC cells. After transfection 48 h, 5x10 4 transfected cells in FBS-free culture medium were plated in the upper chamber coated with Matrigel (BD Biosciences, San Jose, CA, USA), and 600 µl of DMEM containing 20% FBS were added into the lower chamber as chemoattractant. Cells were then incubated at 37°C in a humidified incubator containing 5% CO 2 for 48 h, the non-invading cells were removed with a cotton tip. The invasive cells were fixed with 95% ethanol, stained with 0.5% crystal violet, washed, photographed and counted in five randomly selected fields for each well under an inverted microscope (CKX41; Olympus, Tokyo, Japan).
Target prediction for miR-329 candidates. Potential target genes of miR-329 were analyzed using the miRNA target prediction program PicTar (http://pictar.mdc-berlin.de/) and TargetScan (www.targetscan.org).
Dual-luciferase reporter assay. Dual-luciferase reporter assay was performed in order to clarify whether TGF-β1 is a direct target gene of miR-329. The luciferase reporter vectors pGL3-TGF-β1-3'-UTR wild-type (WT) and pGL3-TGF-β1-3'-UTR mutant (MUT) were synthesized and purchased from GenePharma. HEK293T cells were cotransfected with miR-329 mimics or miR-NC, and pGL3-TGF-β1-3'-UTR WT or pGL3-TGF-β1-3'-UTR MUT using Lipofectamine ® 2000. The pRL-SV40 vector carrying the Renilla luciferase gene was used as an internal control. After incubation at 37°C in a humidified incubator containing 5% CO 2 for 48 h, the luciferase activity was detected using Dual-Luciferase Reporter Assay System (Promega GmbH, Mannheim, Germany).
Statistical analysis. The data was expressed as the mean ± standard error. Student's t-test or one-way ANOVA was used to analyze the significance of differences between groups using a windows-based SPSS 13.0 software (SPSS, Inc, Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

miR-329 is downregulated in CRC tissues and cell lines.
In this study, we first performed RT-qPCR to measure miR-329 expression level in a total of 43 pairs of CRC tissues and corresponding adjacent normal tissues. As shown in Fig. 1A , miR-329 expression was significantly low in CRC tissues compared with that in corresponding adjacent normal tissues (P<0.05). We further investigate the association between miR-329 expression level and clinicopathological factors of patients with CRC. As indicated in Table I , miR-329 expression levels in CRC tissues were correlated with TNM stage (P=0.004) and lymph node metastasis (P=0.009), but not with age (P=0.977), gender (P=0.658), or tumor size (P=0.224).
We then detected miR-329 expression in CRC cell lines (SW620, SW480, HCT116, HT29, LOVO) and a normal human colon epithelium cell line (FHC) using RT-qPCR. The results showed that miR-329 was downregulated in all examined CRC cell lines, when compared with that in FHC (Fig. 1B, P<0.05) . Especially, expression level of miR-329 in the SW480 and HCT116 cell lines was much lower than in other cell lines. Hence, SW480 and HCT116 cells were chosen for further experiment assays.
miR-329 inhibits cell proliferation and invasion of CRC.
To investigate the biological roles of miR-329 in CRC, SW480 and HCT116 cells were transfected with miR-329 mimic or miR-NC, and then the effects of miR-329 on CRC cell proliferation and invasion were evaluated. RT-qPCR was used to evaluate the transfection efficiency, and confirmed that miR-329 was markedly upregulated in SW480 and HCT116 cells transfected with miR-329 mimics (Fig. 2A, P<0 .05).
CCK-8 assay was performed, and revealed that increased expression of miR-329 suppressed proliferation of SW480 and HCT116 cells (Fig. 2B, P<0 .05). Subsequently, Transwell invasion assay was utilized to test the role of miR-329 in cell invasion ability, and the results showed that upregulation of miR-329 decreased SW480 and HCT116 cells abilities (Fig. 2C, P<0.05) . Thus, those findings suggested that Table I . Correlation between microRNA-329 expression with clinicopathologic features of colorectal cancer patients. 
Expression of microRNA-329 ------------------------------------------------------
TGF-β1 is a direct target of miR-329.
The molecular mechanism underlying the tumor suppressive roles of miR-329 was further investigated in CRC. Bioinformatics analysis was conducted to analyze the potential targets of miR-329. A great deal of different targets were predicted; of these genes, TGF-β1 was selected as a potential target of miR-329 since TGF-β1 was upregulated in CRC tissues and contributed to CRC formation and progression (28) (Fig. 3A) . To test whether TGF-β1 expression is direct regulated by miR-329, the 3'-UTR luciferase reporter vectors containing wild type or mutant TGF-β1 3'-UTR were synthesized, and co-transfected into HEK293T cells with miR-329 mimics or miR-NC. The data of Dual-luciferase reporter assay showed that the luciferase activity of pGL3-TGF-β1-3'-UTR WT was obviously reduced in miR-329 mimics transfected cells (Fig. 3B, P<0 .05); while, there was no significant difference in the luciferase activity when cells were transfected with pGL3-TGF-β1-3'-UTR Mut together with miR-329 mimics or miR-NC. Additionally, RT-qPCR and western blotting were utilized to examine TGF-β1 expression in SW480 and HCT116 cells following transfection with miR-329 mimics or miR-NC. As shown in Fig. 3C and D, both the mRNA and protein levels of TGF-β1 were negatively regulated by miR-329 (both P<0.05). Collectively, TGF-β1 was a direct target of miR-329 and was negatively regulated by miR-329 in CRC.
TGF-β1 expression is upregulated and inversely correlated with miR-329 expression in CRC.
TGF-β1 was identified as a direct target of miR-329 in CRC; hence, we evaluated the association between TGF-β1 and miR-329 expression level in CRC. Firstly, the expression level of TGF-β1 in CRC tissues and corresponding adjacent normal tissues was detected. As shown in Fig. 4A , CRC tissues showed an increased TGF-β1 mRNA and protein expression compared with that in corresponding adjacent normal tissues (both P<0.05). Furthermore, the correlation between miR-329 and TGF-β1 mRNA in CRC tissues was evaluated with Spearman's correlation analysis.
The analysis indicated that TGF-β1 mRNA was inverse related to miR-329 expression in CRC tissues ( Fig. 4B ; r=-0.5613, P<0.0001).
TGF-β1 restoration counteracts the suppressive effects of miR-329 on CRC cell proliferation and invasion. Next, a rescue experiment was performed to further confirm that TGF-β1 was the functional target of miR-329 in CRC. pcDNA3.1-TGF-β1 was adopted to increase TGF-β1 expression in SW480 and HCT116 cells confirmed by Western blot (Fig. 5A, P<0 .05). CCK-8 assay revealed that TGF-β1 overexpression in SW480 and HCT116 cells could partially rescue the suppressive effect of miR-329 on cell proliferation (Fig. 5B, P<0 .05). In addition, TGF-β1 restoration reversed the effect of miR-329 on the invasion capability of SW480 and HCT116 cells. These results suggested that miR-329 exerts tumor suppressive roles in CRC partially through inhibition of TGF-β1 expression.
Discussion
Over the past decades, accumulated evidence suggests that miRNAs may be key transcriptional regulators in carcinogenesis and progression of CRC (29) (30) (31) . Therefore, fully understanding of the expression and roles of miRNAs in CRC may help exploit the full potential of miRNAs in regards to cancer treatment. In this study, we found that miR-329 was underexpressed in CRC tissues and cell lines. Expression level of miR-329 in CRC tissues were correlated with TNM stage and lymph node metastasis of CRC patients. In addition, restoration expression of miR-329 significantly inhibited CRC cell proliferation and invasion in vitro. TGF-β1 was identified as a direct target gene of miR-329 in CRC, and its ectopic expression reversed the tumor suppressive effects of miR-329 on tumor cell proliferation and invasion. These findings suggested that miR-329 may provide novel therapeutic strategy for the treatment of CRC. A great deal of studies reported that miR-329 is a cancer-related miRNA that is frequently dysregulated in several types of cancers. For example, Xiao et al found that ectopic expression of miR-329 inhibited glioma cell proliferation, the ability of colony formation, and blocked G1/S transition (23). Yang et al proposed that miR-329 was downregulated in neuroblastoma. Restoration expression of miR-329 inhibited tumor cell growth and metastasis in vitro (24) . A study by Liang et al demonstrated that miR-329 was underexpressed in pituitary tumor and acted as a tumor suppressor by inhibiting tumor cell proliferation, viability, motility and inducing apoptosis (25) . Kang and his colleagues demonstrated that expression level of miR-329 was low in breast cancer, and overexpression of miR-329 suppressed cellular proliferation, migration, and invasion (26) . Zhou et al revealed that miR-329 expression was low in hepatocellular carcinoma and correlated with poor prognosis of patients with this disease. Resumption expression of miR-329 decreased tumor cell invasion capacity (32) . Besides, miR-329 was lowly expressed and involved in occurrence and development of gastric cancer (33) , pancreatic cancer (34), non-small cell lung cancer (35) and osteosacroma (36) . These findings suggested that miR-329 may be exploited as a potent therapeutic methods for the treatments of specific cancers.
Since miRNAs can act as oncogenes or tumor suppressors depending on the functions of the target genes, we identified the downstream target genes for miR-329 in order to elucidate its underlying mechanisms contributed to CRC initiation and progression. Bioinformatic analysis makes us to predicate numbers of potential targets of miR-329. Among these candidates, E2F1 was validated as a direct target of miR-329 in glioma (23) , and also KDM1A in neuroblastoma (24) , PTTG1 in pituitary tumor (25) , p130Cas in breast cancer (26) , BRD4 in hepatocellular carcinoma (32) , TIAM1 in gastric cancer (33) , GRB2 in pancreatic cancer (34) , MET in non-small cell lung cancer (35) and RAB10 in osteosacroma (36) . In this study, TGF-β1 attracted our attention, which contained a putative binding site for miR-329 in its 3'-UTR. To confirm this hypothesis, Dual-luciferase reporter assay was conducted and showed that introduction of miR-329 decreased the activity of luciferase reporter vector containing the wild type TGF-β13'-UTR. Additionally, upregulation of miR-329 repressed endogenous TGF-β1 expression in CRC cells at both mRNA and protein level. Furthermore, TGF-β1 expression is upregulated and negative correlated with miR-329 expression in CRC tissues. Moreover, rescue experiments indicated that upregulation of TGF-β1 abolished the suppressive effects of miR-329 on CRC cell proliferation and invasion. Collectively, these results suggested that the tumor suppressive activity of miR-329 on CRC cell proliferation and invasion may be attributed to its repression of TGF-β1.
The transforming growth factor (TGF) beta family includes three isoforms within mammary tissues (TGF-β1, TGF-β2 and TGF-β3) (37) . Previous report revealed that TGF-β1 was upregulated in various human cancers, such as gastric cancer (38) , osteosarcoma (39) , bladder cancer (40) , ovarian cancer (41) , and lung cancer (42) . In addition, high expression level of TGFβ-1 was identified as a negative prognosis marker in multiple types of tumors (43) (44) (45) . More importantly, TGF-β1 may play key roles in tumorigenesis and tumor development, and contributes to a large number of cellular functions, including cell growth and differentiation, adhesion, migration, extracellular matrix formation, and immune function (39, (46) (47) (48) . In CRC, TGF-β1 was overexpressed and correlated with tumor stage and metastasis (28) . In this study, we demonstrated that TGF-β1 was upregulated in CRC tissues at mRNA and protein level. Upregulation of TGF-β1 reversed the tumor suppressive roles of miR-329 on CRC cell proliferation and invasion. Therefore, targeting miR-329/TGF-β1 axis may be an effective treatment for patients with CRC.
In conclusion, miR-329 was frequently downregulated in CRC, and over expression of miR-329 triggered suppression of cell proliferation and invasion in vitro of this cancer. TGF-β1 was identified as a direct and functional target of miR-329 in CRC. These findings imply that miR-329 expression plays important roles in CRC and it also suggests the possibility that miR-329 may have potential therapeutic value in patients with this disease. However, we will investigate other targets of miR-329 in colorectal cancer in the following experiments.
